New marine geophysical data are used to describe the structure and history •f the Gulf of Aden. Magnetic anomaly data shows seafloor spreading magnetic anomalies on Sheba Ridge from the axial anomaly to anomaly 5 (10 m.y.B.P.) between the Owen fracture zone and 45øE and to anomaly 2' (3 m.y. B.P.) or anomaly 3 (4 m.y.B.P.) west of 45øE. The data does not support the two episodes of seafloor spreading recently proposed. Landward of the seafloor spreading magnetic anomalies is a magnetic quiet zone of uncorrelatable anomalies. The magnetic quiet zone boundary is also a structural boundary effectively marking the edge of Sheba Ridge, with deeper basement lacking a significant topographic gradient found on the landward side. A magnetic quiet zone is found not only where Sheba Ridge splits continental lithosphere but also on East Sheba Ridge where the ridge splits the old oceanic lithosphere of the Owen and Somali basins. There the position occupied by the continental margin within the gulf is marked by nonmagnetic ridge complexes that stretch from the continents to the Owen fracture zone. The magnetic quiet zone boundary is not an isochron in either the Gulf of Aden or the Red Sea, suggesting that significant horizontal motions can occur prior to the initiation of seafloor spreading. The offset on the Dead Sea Rift is used to estimate that from 80 to 160 km of opening, amounting to between 65% and 200% extension of the initial rift valley, occurred in the Gulf of Aden and Red Sea prior to the establishment of a mid-ocean ridge. It is suggested that the development of a new ocean basin occurs in two stages. The first involves diffuse extension over an area perhaps 100 km wide in a rift valley environment without an organized spreading center. This is followed by concentration of the extension at a single axis and the beginning of true seafloor spreading.
INTRODUCTION
The Gulf of Aden can be considered as the type example of a young ocean basin. It has a well-defined continental margin, small oceanic basins, and an active mid-ocean ridge (Sheba Ridge) spreading center characterized by a rift valley and fracture zones. The only other modem continental margin at a similar stage in its development is the Gulf of California, where the situation is complicated by the very large shear component to the rifting and where observation of the basement structures is made difficult by very high sedimentation rates. Matthews et al. [1967] confirmed that the ridge crest continued to the Carlsberg Ridge and gave the name 'Sheba Ridge' to the mid-ocean ridge west of the Owen fracture zone. Laughton et al. [1970] interpreted magnetic data over the East Sheba Ridge (between the Alula Fartak and Owen fracture zones) and just west of the Alula Fartak fracture zone as a seafloor spreading anomaly sequence out to anomaly 5 (10 m.y.B.P.) generated at a half spreading rate of about I cm/yr. They also assumed on the basis of seismic refraction dat a [Nafe et al., 1959; Laughton and Tramontini, 1969] The spreading in the central Gulf of Aden (45øE-48øE) appears to be asymmetric. The average spreading rate between the ridge axis and the 9-m.y. isochron is 0.86 +_ 0.02 cm/yr on the north side and 1.09 _+ 0.02 cm?yr on the south side. The data from East Sheba Ridge also appear to imply asymmetric spreading, with an average spreading rate of 1.51 cm?yr on the north side and 1.31 cm?yr on the south side. However, given the large standard deviations of the determinations, which are probably due in part to navigational uncertainties, the significance of this observation is not certain.
COCHRAN: STRUCTURE AND EVOLUTION OF THE GULF OF

Magnetic Quiet Zone
The boundary between the seafloor spreading magnetic anomalies over the Sheba Ridge and the magnetic 'quiet zone' bordering them coincides with a major structural boundary. At this location, there is a noticeable increase in the depth to basement on every line for which seismic profiling data is Where the basement in the quiet zone is visible, it is at a nearly uniform depth and does not appear to deepen away from the ridge crest. The combination of the discontinuity in depth and the lack of a basement depth gradient across the quiet zone implies that the quiet zone boundary marks the limit of crust generated at an organized Sheba Ridge spreading center and that the crust between the edge of the quiet zone and the large normal faults at the continental margin has some other origin.
On the East Sheba Ridge, the position occupied by the continental margin within the Gulf is marked by a series of nonmagnetic ridges •Figures 9, 12, and 13). One ridge complex, which we call Sharbithat ridge, extends along the boundary of the northern quiet zone from the continental shelf off Ras There is not much information available concerning the Owen and Somali basins, which flank the Sheba Ridge. The oceanic nature of both basins is documented by seismic refraction results [Francis et al., 1966; Whitmarsh, 1979] . Geometric considerations and paleomagnetic data suggest that they were created by the southeastern movement of Greater The main requirement for such a mechanism is that the sedimentation rate be great enough that the ridge axis is continually buried by enough sediments that dikes fail to reach the surface, but rather form sills within the sediments. This is quite reasonable for the central Gulf of California, which has experienced extraordinary sedimentation rates (greater than [Berger, 1974] but is well within the range of present sedimentation rates found, for example, in the North Atlantic [Mcintyre et al., 1972] where mid-ocean ridge tectonics are undisputedly occurring at comparable spreading rates. Also, the basaltic basement underlying the sediments at site 231 appears to be extrusive in origin [Dmitriev and Fisher, 1974] .
The only area in the Gulf of Aden in which reported sedimentation rates even approach those of the Gulf of California is the far western portion, where Olausson and Olsson [1969] describe a core taken at 11ø57'N, 44ø18'E in which they find sedimentation rates of the order of 1000 m/m.y. in an 11-m long core. Thus while intrusive sea floor spreading might have been possible in the extreme western end of the Gulf of Aden, it appears that the sedimentation rates in the central and eastern Gulf were not sufficient to produce such a mechanism.
Also, it should be pointed out that Moore [1973] found that the motion recorded by seafloor spreading magnetic anoma- The reason that the pole in all of these solutions is so close to the Owen fracture zone is that there is a large difference in the strike of fracture zones on the Carlsberg Ridge and the Central Indian Ridge (Table 2) . Fracture zone azimuths on the Carlsberg Ridge are in the range 30ø-40 ø, while those on the Central Indian Ridge are about 60 ø. A pole which is further away than those that have been proposed cannot account for this change in azimuth.
However, the observed spreading rates in the vicinity of the Owen fracture zone require that the pole be further away. An alternative explanation is that the Indian plate is not behaving coherently, and thus it is not appropriate to use a single pole to describe motion on the Carlsberg and Central Indian ridges. This possibility is suggested by a belt of earthquake epicenters [Sykes, 1970] 2. A 'magnetic quiet zone' is located beyond anomaly 5 on the Sheba Ridge. This consists of an area of either very low amplitude magnetic relief or of uncorrelatable magnetic anomalies. The boundary between the seafloor spreading magnetic anomalies and the magnetic quiet zone is also a major structural boundary. The crust in the quiet zone is slightly deeper than on the ridge flank and does not have a topographic gradient across it, suggesting that it was not generated by spreading at an organized mid-ocean ridge. The landward edge of the magnetic quiet zone is marked by a major fault escarpment that separates the quiet zone crust from the uplifted plateaux of southern Arabia and northern Somalia.
A magnetic quiet zone and the associated structures are present not only where Sheba Ridge separates the continental lithosphere of Arabia and Africa, but also on the eastern part of the East Sheba Ridge where it separates the older oceanic lithosphere of the Owen and Somali basins. Here the position occupied by the continental margin within the Gulf of Aden is taken by ridge complexes that stretch from the edge of the continents to the Owen fracture zone. These ridges have no magnetic anomaly associated with them, and a large negative gravity anomaly occurs over their outer portion.
3. Seafloor spreading magnetic anomalies are only present to anomaly 2' (3 m.y.B.P.) or anomaly 3 (4 m.y.B.P.) to the west of 45øE in the Gulf of Aden, although extension must have been occurring for at least 10 m.y. Similarly, magnetic anomaly sequences out to 4 or 5 m.y.B.P. are present over the axial trough in the central Red Sea, while to the north, both axial trough and seafloor spreading magnetic anomalies are
